Inactivation of yeast hexokinase by o-phthalaldehyde: evidence for the presence of a cysteine and a lysine at or near the active site.
Yeast hexokinase (ATP:D-hexose 6-phosphotransferase, EC 2.7.1.1), a homodimer, was rapidly and irreversibly inactivated by o-phthalaldehyde at 25 degrees C (pH 7.3). The reaction followed pseudo-first-order kinetics over a wide range of the inhibitor concentration. The second-order-rate constant for the inactivation of hexokinase was estimated to be 45 M-1.s-1. Hexokinase was protected more by sugar substrates than by nucleoside triphosphates during inactivation by o-phthalaldehyde. Absorption spectrum (lambda max 338 nm), and fluorescence excitation (lambda max 363 nm) and emission (lambda max 403 nm) spectra of the hexokinase-o-phthalaldehyde adduct were consistent with the formation of an isoindole derivative. These results also suggest that sulfhydryl and epsilon-amino functions of the cysteine and lysine residues, respectively, participating in the isoindole formation are about 3 A apart in the native enzyme. About 2 mol of the isoindole per mol of hexokinase dimer were formed following complete loss of the phosphotransferase activity. Chemical modification of hexokinase by iodoacetamide in the presence of mannose resulted in the modification of six sulfhydryl groups per mol of hexokinase with retention of the phosphotransferase activity. Subsequent reaction of the iodoacetamide modified hexokinase with o-phthalaldehyde resulted in complete loss of the phosphotransferase activity with concomitant modification of the remaining two sulfhydryl groups of hexokinase. Chemical modification of hexokinase by iodoacetamide in the absence of mannose resulted in complete inactivation of the enzyme. The iodoacetamide inactivated hexokinase failed to react with o-phthalaldehyde as evidenced by the absence of a fluorescence emission maximum characteristic of the isoindole derivative. The holoenzyme failed to react with [5'-(p-fluorosulfonyl)benzoyl]adenosine. The dissociated hexokinase could be inactivated by [5'-(p-fluorosulfonyl)benzoyl]adenosine; the degree of inactivation paralleled the extent of reaction between o-phthalaldehyde and the nucleotide-analog modified enzyme. Thus, it is concluded that two cysteines and lysines at or near the active site of the hexokinase were involved in reaction with o-phthalaldehyde following complete loss of the phosphotransferase activity. An important finding of this investigation is that the lysines, involved in isoindole formation, located at or near the active site are probably buried.(ABSTRACT TRUNCATED AT 400 WORDS)